Neuropeptides and neuropeptide receptors: drug targets, and peptide and non-peptide ligands: a tribute to Prof. Dieter Seebach.
The number of neuropeptides and their corresponding receptors has increased steadily over the last fourty years: initially, peptides were isolated from gut or brain (e.g., Substance P, somatostatin), then by targeted mining in specific regions (e.g., cortistatin, orexin in the brain), or by deorphanization of G-protein-coupled receptors (GPCRs; orexin, ghrelin receptors) and through the completion the Human Genome Project. Neuropeptides (and their receptors) have regionally restricted distributions in the central and peripheral nervous system. The neuropeptide signaling is somewhat more distinct spatially than signaling with classical, low-molecular-weight neurotransmitters that are more widely expressed, and, therefore, one assumes that drugs acting at neuropeptide receptors may have more selective pharmacological actions with possibly fewer side effects than drugs acting on glutamatergic, GABAergic, monoaminergic, or cholinergic systems. Neuropeptide receptors, which may have a few or multiple subtypes and splice variants, belong almost exclusively to the GPCR family also known as seven-transmembrane receptors (7TM), a favorite class of drug targets in the pharmaceutical industry. Most neuropeptides are co-stored and co-released with classic neurotransmitters, albeit often only at higher frequencies of stimulation or at bursting activity, thus restricting the neuropeptide signaling to specific circumstances, another reason to assume that neuropeptide drug mimics may have less side effects. Neuropeptides possess a wide spectrum of functions from neurohormone, neurotransmitter to growth factor, but also as key inflammatory mediators. Neuropeptides become 'active' when the nervous system is challenged, e.g., by stress, injury, drug abuse, or neuropsychiatric disorders with genetic, epigenetic, and/or environmental components. The unsuspected number of true neuropeptides and their cognate receptors provides opportunities to identify novel targets for the treatment of both central and peripheral nervous system disorders. Both, receptor subtype-selective antagonists and agonists are being developed, as illustrated by the success of somatostatin agonists, angiotensin, and endothelin antagonists, and the expected clinical applications of NK-1/2/3 (substance P) receptor antagonists, CRF, vasopressin, NPY, neurotensin, orexin antagonists, or neuropeptide receptor modulators; such ligands have efficacy in preclinical or clinical models of pain and neuropsychiatric diseases, such as migraine, chronic/neuropathic pain, anxiety, sleep disorders, depression, and schizophrenia. In addition, both positive and negative allosteric modulators have been described with interesting in vivo activities (e.g., at galanin receptors). The field has become more complex now that an increasing number of heteromeric neuropeptide receptors are described, e.g., ghrelin receptors with 5-HT(2C) or dopamine D(1), D(2) receptors. At long last, structure-based drug discovery can now be envisaged with confidence, since crystal or solution structure of GPCRs and GPCR-ligand complexes, including peptide receptors, are published almost on a monthly basis. Finally, although most compounds acting at peptide receptors are still peptidomimetics, the last decade has seen the emergence of low-molecular-weight nonpeptide ligands (e.g., for orexin, ghrelin, or neurokinin receptors), and surprising progress has been made with β- and γ-peptides as very stable and potent mimetics of, e.g., somatostatin (SRIF), where the native SRIF has a half-life limited to 2-3 min. This last point will be illustrated more specifically, as we have had a long-standing collaboration with Prof. D. Seebach to whom this review is dedicated at the occasion of his 75th birthday.